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Introduction:
Variation in the timing and size of resource fluctuations can 
influence how plants grow, allocate biomass, and reproduce. Resources 
are sometimes made available in relatively continuous, reliable pulses 
while other times they are temporally separated and unpredictable. 
Native and invasive plant species are thought to respond differently to 
resource fluctuations, or pulses, which can influence competitive 
outcomes. The Fluctuating Resource Hypothesis and Stochastic Niche 
Theory posit that exotic invasive species may become established by 
utilizing resources not used by the native plant community and that 
exotic species do not posses any fundamental advantage over native 
plant species (Davis et al. 2000, Tilman 2004). However, even in low-
resource, long-lived environments where one would expect the native 
community to be highly adapted to fill resource niches and excess 
resources are unlikely, invaders have been successful and even show a 
better ability than natives at capturing resources (Funk and Vitousek
2007). Because of these inconsistencies, we still have an inadequate 
understanding of how the dynamic nature of resource pulses affects 
plant interactions within ecosystems, and specifically between native 
and exotic species. 
Methods:
In this context, we compared exotic invasive and native species to 
ask: 1) Across species, how does pulse frequency and total resource 
quantity influence plant performance?, and 2) Is competition intensity 
affected by pulse frequency and/or total pulse quantity? We planted 
seedlings of two native grasses (Pseudoreogneria spicata (BB) and 
Poa secunda (PSAND)) and two exotic invasive forbs (Centaurea 
stoebe (CM) and Linaria dalmatica (Linaria)) into 10 x 10 cm2 plots 
alone and in combination at the University of Montana’s Experimental 
Gardens at Fort Missoula (n = 10). Each planting treatment received 
one of three treatments: no additional nitrogen (control), one large 
pulse of nitrogen (0.31 g N), or three smaller pulses of nitrogen (0.103 
g N) which combined equaled the total amount of nitrogen in the large 
pulses. The total amount of nitrogen added in the treatments was quite 
small in an attempt to mimic what these plants would be more likely to 
experience in nature. Plants were harvested, dried, and weighed in 
August 2016. 
Results:
There was no affect of nitrogen addition or pulses on the biomass of native or 
exotic invasive plants when grown alone or in competition (Figure 1). Exotic 
invasive species competitively suppressed native species regardless of the pulse 
treatment (Figure 2). Conversely, native plants did not influence the  growth of 
exotic invasive species (Figure 2). 
Discussion:
The timing by which resources become available to plants 
varies a great deal between environments. In some cases this 
timing appears to be continuous, whereas in other systems, for 
instance, arid and semi-arid regions, resources are delivered in 
unpredictable pulses. Previous research has suggested that native 
and exotic invasive plant species may differentially access 
resources and these differences might help exotic species gain 
large competitive advantages. We varied the timing and quantity 
of nitrogen added to native and exotic plant species in a field 
setting. We found no effect of fluctuating resource pulses on 
plant growth for any of our study species (Figure 1). 
Additionally, resource fluctuations did not influence competitive 
interactions between native and exotic species in this study 
(Figure 1). It is possible that the amount of nitrogen added in this 
experiment was too small to have an affect. Nitrogen capture may 
also have been influenced by soil P availability and/or water 
availability. Soil moisture levels were kept constant throughout 
the experiment which may have given the plants adequate and 
constant access to existing nutrient pools. 
Exotic species in this study did competitively suppress the 
native plant species (Figure 2). Conversely, native plants did not 
negatively influence exotic plant growth, a pattern supported by 
previous research. A connected study is currently underway to 
examine these same questions in a new field experiment with 
higher nitrogen levels and lower water levels. Understanding 
how resource fluctuations influence plant interactions in 
grasslands is fundamental to predicting and hopefully preventing 
exotic species from proliferating in a changing climate where 
precipitation patterns will likely become unpredictable
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Figure 1. Mean biomass of each 
native and exotic invasive species 
grown with and without pulsed 
nitrogen additions A) alone or B) 
in competition. Error bars indicate 
SE.
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Figure 2. Response (relative 
interaction intensity, RII) of native 
and exotic invasive species to 
competition with and without pulsed  
nitrogen additions. Error bars indicate 
SE. 
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